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The problem. Spermidine  i s  a polyamine n a t u r a l l y  
o c c u r r i n g  i n  many organisms i n c l u d i n g  Drosoph i l a  m e l a n o g a s t e r .  
I t  has been shown t o  d e c r e a s e  t h e  h e a t  d e n a t u r a t i o n  o f  DNA 
by b i n d i n g  t o  t h e  DNA d o u b l e  h e l i x .  The a g e n t  h a s  a l s o  
d e c r e a s e d  t h e  development  of  r e s i s t a n c e  of  b a c t e r i a  t o  a  
p a r t i c u l a r  a n t i b i o t i c .  The major o b j e c t i v e  o f  t h i s  s t u d y  
w a s  t o  d e t e r m i n e  if t r e a t m e n t  t o  Drosoph i l a  w i t h  a  g i v e n  
c o n c e n t r a t i o n  of spe rmid ine  p r i o r  t o  X-ray exposure  would 
c h a n g e  the e x p e c t e d  number of  sex- l inked  r e c e s s i v e  l e t h a l  
m u t a t i o n s .  
P r o c e d u r e .  A d u l t  male wi ld - type  Drosoph i l a  were t r e a t e d  
i n  four  ways. The f o u r  t r e a t m e n t s ,  a d m i n i s t e r e d  v i a  f e e d i n g  
i n  a medium w i t h  d i m e t h y l  s u l f o x i d e ,  were C o n t r o l ,  X-ray, 
s p e r m i d i n e ,  o r  s p e r m i d i n e  and X-ray. T r e a t e d  a d u l t  males  
w e r e  m a t e d  i n  groups  of  twenty w i t h  twenty v i r g i n  Basc  f e m a l e s .  
The B a s c  t e c h n i q u e  f o r  d e t e c t i o n  of  X-Linked r e c e s s i v e  l e t h a l  
m u t a t i a n s  was fo l lowed .  Muta t ion  f r e q u e n c i e s  w e r e  c a l c u l a t e d  
and d a t a  was s u b m i t t e d  t o  t h e  Kastenbaum-Boman tes t .  
F i n d i n g s .  The c o n t r o l  group e x h i b i t e d  a  m u t a t i o n  
f r e q u e n c y  o f  0 .68% which showed no s i g n i f i c a n t  d i f f e r e n c e  
compared  w i t h  t h e  0 .59% muta t ion  f requency  w i t h  s p e r m i d i n e .  
The m u t a t i o n  f requency  f o r  t h e  X-ray o n l y  t r e a t m e n t  was 
2 . 6 2 %  and t h e  m u t a t i o n  f requency f o r  t h e  s p e r m i d i n e  and 
X-ray t r e a t m e n t  was 2 . 8 6 % .  
C o n c l u s i o n s .  The d a t a  o b t a i n e d  from t h i s  s t u d y  showed 
t h a t  p r e t r e a t m e n t  w i t h  s p e r m i d i n e  had no s i g n i f i c a n t  e f f e c t  
on d e c r e a s i n g  t h e  e x p e c t e d  number of s e x - l i n k e d  r e c e s s i v e  
l e t h a l  m u t a t i o n s  caused by X - i r r a d i a t i o n  exposure .  Spermid ine  
alone was s h o w n  t o  have no mutagenic e f f e c t ,  b u t  i n  combina- 
t i o n  w i t h  i r r a d i a t i o n  a  s l i g h t ,  s t a t i s t i c a l l y  i n s i g n i f i c a n t ,  
i n c r e a s e  was found.  
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M u t a t i o n  s t u d i e s  a r e  an impor tan t  p a r t  o f  g e n e t i c  
r e s e a r c h ,  b e c a u s e  spontaneous  muta t ions  a r e  r e l a t e d  t o  
e v o l u t i o n a r y  changes and induced m u t a t i o n s  may r e s u l t  from 
t h e  c o n t a c t s  humans o r  domes t i c  animals  have w i t h  env i ron-  
m e n t a l  mutagens,  The r a t e  a t  which induced m u t a t i o n s  o c c u r  
d o e s  n o t  o n l y  depend on t h e  dose  and a g e n t  used  a s  t h e  
mutagen,  b u t  a l s o  on any e x t e r n a l  o r  i n t e r n a l  f a c t o r s  a c t i n g  
on  t h e  organism.  Though t h e s e  f a c t o r s  are numerous, i n t r o -  
d u c i n g  and s t u d y i n g  a s i n g l e  f a c t o r  may p r o v i d e  a b e t t e r  
u n d e r s t a n d i n g  o f  how t h e  mutagen works ,  o r  it may g i v e  
i n f o r m a t i o n  on a p o t e n t i a l  a n t i m u t a g e n i c  a g e n t .  S u b s t a n c e s  
p r e s e n t  d u r i n g  mutagen exposure  that a r e  known t o  i n t e r a c t  
p h y s i c a l l y  w i t h  DNA are e s p e c i a l l y  l i k e l y  t o  d e p r e s s  muta- 
g e n i c  a c t i v i t y .  A s  a  r e s u l t ,  t h e s e  s u b s t a n c e s  a r e  a  p r ime  
a r e a  t o  s t u d y .  One c l a s s  o f  s u b s t a n c e s  which e x i s t  
n a t u r a l l y  i n  organisms and i n t e r a c t  w i t h  DNA i s  polyamines .  
The p r e s e n t  s t u d y  i n v e s t i g a t e d  t h e  p o t e n t i a l  a n t i m u t a g e n i c  
p r o p e r t i e s  o f  one  polyamine,  spe rmid ine .  The s t u d y  t e s t e d  
t h e  h y p o t h e s i s  t h a t  s p e r m i d i n e  i s  an  a n t i m u t a g e n i c  chemica l  
and c a n  d e c r e a s e  t h e  e f f e c t s  o f  a  mutagenic  a g e n t .  
Polyamines  a r e  n o n p r o t e i n  n i t r o g e n o u s  b a s e s  t h a t  have  
b e e n  shown t o  have  b i o l o g i c a l  s i g n i f i c a n c e  in a  v a r i e t y  of 
ways.  Po lyamines ,  i n  p a r t i c u l a r  s p e r m i d i n e  ( H 2 N -  ( C H 2 )  3-NH- 
( C H 2 )  4-NH2) and spermine  ( H ~ N -  ( c H 2 )  3-NH- ( C H  2 ) 4 -NH- (CH 2 1 3 - 
2 
) w e r e  found i n  s e v e r a l  animal tissues a s  e a r l y  as 1925 2 
and Rosenheim 1925) .  Rosenthal and Tabor (1956) 
a n a l y z e d  t h e  c o n t e n t  o f  spermidine and spermine  j n  var ious  
o r g a n s  and found human semen, ox l i v e r ,  kidney and s p l e e n  
t o  c o n t a i n  r e l a t i v e l y  l a r g e  amounts of spermine. Polyamines 
have  a l s o  been found i n  t h e  nervous system of s e v e r a l  
m a m m a l s  i n c l u d i n g  r a b b i t s ,  mice, and c a t s  ( ~ a c h r a c b  1970) . 
One of t h e  most s t r i k i n g  and s t u d i e d  a s p e c t s  o f  t h e  
polyamines ,  and one which is  p a r t i c u l a r l y  r e l e v a n t  t o  t h e  
p r e s e n t  s t u d y ,  i s  t h e i r  a b i l i t y  t o  bind t o  n u c l e i c  a c i d s .  
When t r i t i a t e d  spermine was incorpora ted  i n t o  s p h e r o p l a s t s  
o f  - E .  - c o l i ,  60-70% o f  t h e  sperrnine was conta ined  i n  a 
s e d i m e n t a t i o n  f r a c t i o n  of DNA and RNA (Johnson and Bach 
1 9 6 8 )  . The b ind ing  between polyamines and n u c l e i e  a c i d s  
i n v o l v e s  an e l e c t r o s t a t i c  noncovalent a t t r a c t i o n  l i nkage  
between t h e  b a s i c ,  p o s i t i v e l y  charged amkne group of  the 
polyamines and t h e  h igh ly  a c i d i c ,  nega t ive ly  charged 
phospha te  group o f  the n u c l e i c  a c i d  (Bachrach 1970) .    he 
complexing r e s u l t s  i n  a n e u t r a l i z a t i o n  of  t h e  n e g a t i v e l y  
cha rged  phosphate  groups t h a t  u sua l ly  r e p e l  each o t h e r ,  50 
t h a t  t h e  n u c l e i e  a c i d  is condensed (Tabor and Tabor 1 9 6 4 ) .  
L i q u o r i  and coworkers (1967) demonstrated v i a  an X-ray 
a n a l y s i s  of c r y s t a l  s t r u c t u r e s  t h a t  t h e  ~ o l ~ a m i n e s  have a 
s h a p e  and dimension which al lows t h e  molecules t o  undergo 
a s t e r e o s p e c i f i c  i n t e r a c t i o n  wi th  DNA; t h e  p o l ~ a m i n e  l i e s  
in t h e  narrow grooves of t h e  macromolecule  Within t h e  
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n a r r o w  g r o o v e s  t h e  polyaminex form hydrogen bonds w i t h  t h e  
oxygen m o l e c u l e s  of  t h e  phosphate  groups o f  DNA ( L i g u o r i  
e t  ale 1 9 6 7 ) .  
The a b i l i t y  o f  spe rmid ine  t o  i n c r e a s e  t h e  s t a b i l i t y  
of t h e  d o u b l e  h e l i x  of  t h e  DNA molecule h a s  been found t o  
h a v e  s e v e r a l  e f f e c t s .  F l i n k  and P e t t i j o h n  [ I 9 7 5 1  showed t h a t  
DNA i s o l a t e d  from E .  - - c o l i  showed a d e c r e a s e  i n  u n f o l d i n g ,  
as measured by s e d i m e n t a t i o n  r a t e  when s t o r e d  i n  t h e  p r e s -  
e n c e  o f  s p e r m i d i n e  a t  c o n c e n t r a t i o n s  o f  5 o r  1 0  mM. Tabor 
(1962)  found t h a t  t h e  t empera tu re  r e q u i r e d  f o r  d e n a t u r a t i o n  
o f  c a l f  thymus DNA i n c r e a s e d  s u b s t a n t i a l l y  w i t h  t h e  a d d i t i o n  
of v a r i o u s  polyamines.  Tabor proposed t h a t  t h e  most l i k e l y  
e x p l a n a t i o n  of t h e  s t a b i l i z a t i o n  was t h e  e f f e c t i v e  n e u t r a l -  
i z a t i o n  o f  t h e  phospha te  groups of t h e  DNA by complex 
f o r m a t i o n  w i t h  t h e  amines.  T h i s  consequen t ly  i n c r e a s e s  t h e  
e f f e c t i v e  s t r e n g t h  o f  van d e r  Waal 's  f o r c e s  and hydrogen- 
bond ing  f o r c e s ,  l e a d i n g  t o  i n c r e a s e d  s t a b i l i z a t i o n .  
T h i s  s t a b i l i z a t i o n  by polyamines h a s  a l s o  been  found 
t o  have  c e r t a i n  a n t i m u t a g e n i c  p r o p e r t i e s .  I n  b a c t e r i a l  
m u t a t i o n  r e s e a r c h ,  spermine  i n  combinat ion  w i t h  a n  a n t i -  
b i o t i c  p r e v e n t e d  t h e  emergence of d r u g - r e s i s t a n t  s t r a i n s  
f rom S taphy lococcus  a u r e u s ,  ~ s c h e r i c h i a  c o l i  , and 
A e r o b a c t e r  a e r o g e n e s  (Sevag and Ashton 1 9 6 4 ) .  Spermine w a s  
found  t o  c a u s e  a n  even more s t r i k i n g  e f f e c t  i n  d e c r e a s i n g  
t h e  m u t a t i o n  r a t e  when t h e  m u t a t i o n s  w e r e  i nduced  by i n c l u -  
s i o n  o f  c a f f e i n e  i n  t h e  c u l t u r e  medium o r  exposure  t o  
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l i g h t  (Johnson and Bath 1 9 6 5 )  . Mutagenesis by 
u l t r a v i o l e t  l i g h t  is b e l i e v e d  t o  b e  caused by t h e  fo rmat ion  
o f  p y r i m i d i n e  dimers o r  c r o s s - l i n k s  i n  t h e  DNA which subse- 
q u e n t l y  w i l l  c2auSe mis read ing  d u r i n g  r e p l i c a t i o n  of t h e  
P e r h a p s  t h e  po lyamines  c o u n t e r a c t  t h i s  p r o c e s s  by promot ing 
r e p a i r ;  m o r e  l i k e l y  t h e y  minimize t h e  l i k e l i h o o d  o f  m i s -  
r e a d i n g  a s t r a n d  which has  uncor rec ted  e r r o r s  i n  it (Bach 
a n d  J o h n s o n  1 9 7 1 ) -  
A l t h o u g h  s e v e r a l  l i n e s  of i n v e s t i g a t i o n  have  g i v e n  
d e f i n i t e  i n f o r m a t i o n  on polyarnine-nucleic  a c i d  i n t e r a c t i o n s  
i n  v i t r a  , t h e  r o l e  o f  polyamines i n  v i v o  i s  s t i l l  u n c l e a r .  
- -- 
Tabor  and T a b o r  (1964) p o i n t e d  o u t  two pr imary  problems w i t h  
i s o l a t i n g  and  d e t e r m i n i n g  t h e  r o l e  o f  n a t u r a l  polyamines:  
(1) it i s  d i f  f i c u l t  t o  l o c a l i z e  t h e  amines w i t h i n  t h e  c e l l  
a n d  knowing i n  p a r t i c u l a r  where t h e y  a r e  p r e s e n t  i n  h i g h  
c o n c e n t r a t i o n s  w i t h i n  t h e  nuc leus  ; ( 2 )  compounds such  a s  
h i s t o n e s ,  p r a t a m i n e s  and p o l y l y s i n e  a l s o  p r e c i p i t a t e  
n u c l e i c  a c i d s  and p r o t e c t  DNA from h e a t  d e n a t u r a t i o n  s o  it 
may be d i f f i c u l t  t o  i s o l a t e  spe rmid ine  a s  t h e  a c t i v e  a g e n t .  
I n  a  review b y  Tabor and Tabor i n  1 9 7 6 ,  t h e  -- i n  v i v o  r e l a -  
t i o n s h i p  be tween  polyamines and n u c l e i ~  a c i d s  was s t i l l  
u n c l e a r .  Even g r o s s  e f f e c t s  of a d m i n i s t r a t i o n  o f  poly-  
amines  to an an imal  were v i r t u a l l y  unknown u n t i l  Shaw ( 1 9 7 2 )  
d e t e r m i n e d  t h a t  an imals  became s e d a t e d ,  h y ~ o t h e r m i c  and 
h y p o m o t i l e  if t h e y  r e c e i v e d  i n t r a p e r i t o n e a l  i n j e c t i o n s  of 
p o l y a m i n e s  - However, polyamines have  been found to 
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n a t u r a l l y  b e  p r e s e n t  i n  Drosophila melanogaster .  Herbst  
and Dion ( 1 9 7 0 )  showed t h a t  spermidine i s  t h e  predominant 
polyamine p r e s e n t ,  b u t  t h e  s p e c i f i c  t i s s u e s  w e r e  n o t  men- 
t i o n e d ,  They determined t h a t  t h e  h ighes t  c o n c e n t r a t i o n  is 
found d u r i n g  e a r l y  l a r v a l  s t a g e s  wi th  minimum amounts 
o c c u r r i n g  i n  t h e  prepupal  s t a g e ,  There is  an i n c r e a s e  i n  
s p e r m i d i n e  t o  in t e rmed ia t e  l e v e l s  dur ing  h i s t o g e n e s i s  of 
pupae and low in t e rmed ia t e  l e v e l s  a r e  mainta ined i n  t h e  
a d u l t  ( I lerbst  and Dion 1970) . These changes i n  sperrnidine 
l e v e l s  i n  ~ r o s o p h i l a  w e r e  again  supported i n  f i n d i n g s  by 
Byus and  Herbst (1976) i n  which they found t h a t  decarboxylase  
a c t i v i t i e s ,  a g e n t s  which ca t a lyze  an e s s e n t i a l  s t e p  i n  
p r o d u c t i o n  of spermidine,  was h ighes t  dur ing  e a r l y  develop- 
ment and l o w e s t  i n  o l d e r  l a rvae .  
Though spermidine has been found n a t u r a l l y  i n  
D r o s o p h i l a ,  i n  o r d e r  f o r  exogenously in t roduced  spermidine 
t o  have t h e  p o t e n t i a l  t o  a c t  as  an anti-mutagenic agent  it 
must r e a c h  the DNA of t h e  c e l l s .  The method of  spermidine 
i n t r o d u c t i o n  i n t o  t h e  organism i s  one a spec t  t o  be con- 
s i d e r e d .  H e r b s t  and coworkers (1973) , i n  an exper iment  on 
t h e  e f f ec t  of spermidine on RNA s y n t h e s i s ,  chose t o  admin- 
i s t e r  t h e  polyamine v i a  feeding t o  t h e  l a r v a l  s t a g e  of 
~ r o s o p h i l a .  Though sperrnidine was shown t o  have t h e  
a b i l i t y  t o  p e n e t r a t e  l a r v a e  c e l l  membranes (Herbs t  e t  a l .  
19731 , a P r e l i m i n a r y  p r o j e c t  showed a p o t e n t i a l  problem 
when u s i n g  l a r v a e  f o r  t h e  p re sen t  s tudy .  I t  would be v e r y  
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d i f f i c u l t  t o  keep t h e  l a r v a e  i n  con tac t  w i t h  t h e  spermidine 
a twen t~ - fou r  hc3ur pe r iod  because they  would crawl  o f f  
t h e  abso rban t  towel ing on to  t h e  l i d  of  the p e t r i  d i s h ,  
~h~~ 
d i f f e r e n t  l a r v a e  might r e c e i v e  very d i f f e r e n t  doses .  
a v o i d  t h i s  problem, spermidine pre t rea tment  f o r  t h e  p r e s e n t  
s t u d y  was done by feed ing  t h e  a d u l t s ,  s i n c e  a d u l t s  a r e  known 
t o  f eed  cont inuous ly  , 
The o t h e r  f a c t o r  t o  cons ider  i n  r e l a t i o n  t o  spermi- 
d i n e ' s  a b i l i t y  t o  reach t h e  DNA of t h e  cells is  t h e  metabol- 
i s m  of t h e  spermidine.  Siirnes (1967) showed t h a t  spermine 
and spermid ine  a r e  ox id ized  t o  carbon d iox ide  -- i n  v ivo  i n  
mammals. The polyamines a r e  syn thes ized  i n  developing r a t s  
and main ta ined  a t  c a r e f u l l y  c o n t r o l l e d  l e v e l s  i n  p a r t i c u l a r  
t i s s u e s  r e g a r d l e s s  of d i e t  (Rosenthal  and Tabor 1956) .  How- 
e v e r  admin i s t e r ed ,  spermine concentra ted i n  t h e  kidney,  and 
a  s m a l l  p o r t i o n  ( 4 - 2 1 % )  o f  t he  adminis tered dose appeared 
i n  t h e  u r i n e  a t  2 4  hours  (Rosenthal  and Tabor 1956) , 
Approximately equa l  amounts o f  spermidine were also found; 
it a r o s e  a s  a degrada t ion  product .  
~ h o u g h  t h e  metabolism of palyamines i s  s t i l l  an 
a c t i v e  r e s e a r c h  a r e a  today ,  t h e  research  seems t o  be 
d i r e c t e d  towards s p e c i f i c  a c t i o n s  in v e r t e b r a t e s ,  and there- 
f o r e  no f u r t h e r  m e t a b o l i c  informat ion w i l l  be in t roduced  
h e r e  because of a  l ack  of re levance t o  t h e  p r e s e n t  On 
t h e  p o s s i b l e  a n t i - m u t a g e n i ~  e f f e c t s  of polyamines in 
Drosoph i l aa  ~t t h i s  t ime ,  -- i n  V ~ V O  work on i n v e r t e b r a t e s  
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a n d  p o l y a m i n e s  i s  ve ry  l i m i t e c ? .  
xn o r d e r  to t e s t  t h e  p o t e n t i a l  an t imutagen ic  a c t i o n  
of s p e r f n i d i n e ,  a  p a r t i c u l a r  mutagen must b e  s e l e c t e d .  One 
o f  the b e s t  s t u d i e d  mutagens and t h e  one used i n  t h i s  s t u d y  
i s  X - i r r a d i a t i o n .  The f i r s t  d e f i n i t e  proof  o f  i t s  mutagenic  
a c t i o n  w a s  o b t a i n e d  by M u l l e r  (1927, c i t e d  by Auerbach 1976) 
when h e  w o r k e d  w i t h  t h e  prime organism of  g e n e t i c  s t u d i e s ,  
D r o s o p h i l a  m e l a n o g a s t e r .  From t h i s  e a r l y  work by M u l l e r ,  i t  
w a s  d e t e r m i n e d  t h a t  X-rays cause  a  s i g n i f i c a n t  i n c r e a s e  i n  
t h e  number  o f  s e x - l i n k e d  r e c e s s i v e  l e t h a l  m u t a t i o n s ,  These 
m u t a t i o n s  a r e  i n i t i a t e d  by t h e  c o n t a c t  of t h e  eel1 o r  
chromosome w i t h  h i g h l y  r e a c t i v e  i o n i z i n g  photons (Wal lace  
and Dobzhansky  1959) .  The photons o n l y  p e r s i s t  b r i e f l y  i n  
t h e  cell; if c o n t a c t  is  made w i t h  t h e  chromosome, it c a n  
i n t e r a c t  w i t h  t h e  g e n e t i c  m a t e r i a l  t o  induce  damage a t  t h e  
chromosome l e v e l  o r  t h e  gene l e v e l  (Wallace and ~ o b z h a n s k y  
19 59)  . The damage may b e  i n  t he  form of  a  chromosome b r e a k  
w h i c h  commonly r e s u l t s  i n  r ea t t achment  a s  i n  a t r a n s l o c a -  
t i o n ,  i n s e r t i o n  or i n v e r s i o n ,  o r  no r e a t t a c h m e n t  a s  i n  a 
d e l e t i o n  ( M u l l e r  1 9 5 4 ) .  Damage may also be a t  t h e  gene 
l eve l  p r o d u c i n g  a p o i n t  ~ . u t a t i o n .   his was t h e  t y p e  con- 
s i d e r e d  in t h e  p r e s e n t  s t u d y .  
~ h ~ ~ ~ h  a t  one t i m e  t h e s e  p o i n t  m u t a t i o n s  and chromo- 
some a l t e r a t i o n s  were b e l i e v e d  t o  be due to a s i n g l e  "h i t ' "  
o f  r a d i a t i o n  (Lea  1955) , this t h e o r y  i s  l e s s  p o p u l a r  today!  
and o t h e r  a c t i o n s  of X-ray on t h e  n u c l e i c  a c i d s  have s i n c e  
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b e e n  p r o p o s e d -  Due t o  t h e  na tu re  of  t h e  p re t r ea tmen t  
u t i l i z e d  i n  t h i s  experiment and the  f a c t  t h a t  it was pre-  
d i c t e d  that the spermidine would s t a b i l i z e  t h e  DNA h e l i x ,  
it i s  i m p o r t a n t  t o  cons ider  t h e  e f f e c t s  o f  x - i r r a d i a t i o n  
that-  m i g h t  be  in f luenced  by h e l i x  s t a b i l i t y .  s i n c e  X- 
i r r a d i a t e d  s o l u t i o n s  of  DNA show a  decrease  i n  v i s c o s i t y ,  
two p o s s i b l e  mechanisms have been proposed f o r  how t h e  
X - i r r a d i a t i o n  a f f e c t s  t h e  DNA (Arena 19711 . The f i r s t  
mechanism d e a l s  with t h e  f a c t  t h a t  normally t h e  DNA h e l i x  
i s  s t i f f  and t h e r e f o r e  it cannot f o l d  o r  become more com- 
p a c t .  X - i r r a d i a t i o n  causes  a  decrease  i n  t h e  s t i f f n e s s  s o  
t h e  h e l i x  may became more compact. S ince  t h e  polyarnines 
have been shown t o  i n c r e a s e  t he  s t a b i l i z a t i o n  of DNA, t hey  
may a c t  t o  i n h i b i t  f o l d i n g  and keep t h e  DNA i n  i t s  charac-  
t e r i s t i c a l l y  s t i f f  conformation. ~ l t e r n a t i v e l y  , a  dec rease  
i n  v i s c o s i t y  may a l s o  r e s u l t  if mo1ecuLa.r degrada t ion  
o c c u r s  by b o t h  s t r a n d s  o f  t h e  h e l i x  breaking less than  f i v e  
n u c l e o t i d e s  a p a r t  s o  t h e  h e l i x  i s  fragmented. The n e u t r a l i -  
z a t i o n  c a u s e d  by spermidine may a l s o  a c t  t o  i n h i b i t  t h i s  
a c t i o n  02 X- i r r ad i a t i on .  
A£ t e r  x - i r r a d i a t i o n  was chosen a s  t h e  mutagen f o r  t h e  
p r e s e n t  s t u d y ,  t h e  dose of i r r a d i a t i o n  was cons idered .  
Since o n l y  one s p e c i f i c  dose  was t o  be used,  it was impor- 
t a n t  t o  c h o o s e  one which had a no t i ceab le  ef f e e t ,  b u t  not 
one which  would cause  ex t ens ive  l e t h a l i t y  due to i . ~ ~ ~ - ~ e d i a ~ ~  
damage t o  somatic c e l l s .  s h o r t l y  a f t e r  M u l l e r g s  experiments 
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i n  1 9 2 7 ,  i n t e r e s t  grew in t h e  r e l a t i o n s h i p  between dose  o f  
r a d i a t i o n  and t h e  number of  sex-l inked r e c e s s i v e  l e t h a l  
m u t a t i o n s .  This  i n t e r e s t  bas  r e s u l t e d  i n  a  l a r g e  amount of  
r e s e a r c h  i n  t h i s  a r e a .  Recording t o  Muller (19623 , i n  t h e  
early decades ,  19 28-19 48 ,  fo l lowing h i s  o r i g i n a l  work i n  
1 9 2 7 ,  i t  was demonstrated t h a t  t h e  r e l a t i o n s h i p  of frequency 
of  s e x - l i n k e d  r e c e s s i v e  l e t h a l  mutations t o  dose is  sub- 
s t a n i t i a l l y  l i n e a r  over  a  very wide range. I f  t h e  e f f e c t  of 
a  m u t a g e n i c  agen t  i s  l i n e a r ,  t h e  expected mutat ion r a t e  can 
be  c o n v e n i e n t l y  r e l a t e d  t o  t h e  number o f  organisms necessary  
t o  d e t e c t  a  change i n  r a t e ,  and need n o t  t a k e  t h r e s h o l d  
effects i n t o  account .  Spencer and S t e r n  ( 1 9 4 8 )  showed t h a t  
l i n e a r i t y  he ld  f o r  doses  of X-ray a s  low a s  25 Pi, b u t  it i s  
u n l i k e l y  l i n e a r i t y  w i l l  ho ld  t o  a  dose of  ze ro ,  A t  doses  
l o w e r  t han  3000 Pi, more than  two-thirds of t h e  r e c e s s i v e  
l e tha l s  a r e  a s s o c i a t e d  with a decrease  i n  dose.  This i s  
i n t e r p r e t e d  t o  mean t h e  l i n e a r i t y  p r i n c i p l e  f o r  r e c e s s i v e  
l e t h a l  muta t ions  a p p l i e s  p r imar i ly  t o  p o i n t  muta t ions ,  s i n c e  
chromosomal a b e r r a t i o n s  involve a  c y t o l o g i c a l l y  v i s i b l e  
s t r u c t u r a l  change (Muller  L962) . ~t higher  doses ,  above 
2000-3000 R ,  d e p a r t u r e  of  l i n e a r i t y  may occur because t h e r e  
may be two o r  more l e t h a l s  induced i n  t h e  same chromosome 
and this would only  be  scored  a s  a s i n g l e  l e t h a l  (lnlallace 
and Dobzhansky 1959) . A s  a r e s u l t  o f  t h i s  in format ion  on 
l i n e a r i t y ,  a  dose  of  2000  R was chosen f o r  t h e  p r e s e n t  
e x p e r i m e n t .  
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Though t h e r e  is  a  v a r i e t y  o f  t e c h n i q u e s  t o  tes t  t h e  
m u t a g e n i c  e f fec t  of X-rays, one of t h e  most c o m o n l y  em- 
p l o y e d  i s  t h e  test  f o r  sex-kinked r e c e s s i v e  l e t h a l  m u t a t i o n s .  
T h e  test  w a s  f i r s t  used by Muller  i n  1927 i n  h i s  e a r l y  muta- 
t i o n  s t u d i e s .  The t e s t  i s  des igned f o r  D r o s o p h i l a ,  and t h e y  
a re  p a r t i c u l a r l y  c o n v e n i e n t  t o  u s e  because  o f  a  s h o r t  gener-  
a t i o n  t i m e  o f  t e n  days  and t h e  low c o s t  o f  t h e  c u l t u r e  media 
( L e e  e t  a l .  1983)  . Two s t o c k s  a r e  commonly employed f o r  
the s t u d y .  The w i l d  t y p e  is used a s  t h e  " t e s t e r "  s t r a i n ,  
t h e  s t r a i n  which r e c e i v e s  t h e  t r e a t m e n t  under  s t u d y .    he 
B a s e  s t o c k  is  used a s  t h e  "ba lancer"  s t r a i n  t o  b e  mated w i t h  
t h e  X - i r r a d i a t e d  f l i e s .  The Basc female c a r r i e s  on h e r  
X-chromosome a  sys tem o f  two o v e r l a p p i n g  i n v e r s i o n s  and two 
a  
m a r k e r  g e n e s ,  a p r i c o t  e y e  c o l o r  (w ) and Bar eye  shape  (B) 
(Auerbach 1976) . The marker  gene a l l o w s  t h e  r e s e a r c h e r  t o  
d i s t i n g u i s h  a F2 male w i t h  t h e  Basc X-chromosome from males  
w i t h  t h e  w i l d - t y p e  chromosome which was t r e a t e d  i n  t h e  Pl 
g e n e r a t i o n .  The o v e r l a p p i n g  i n v e r s i o n s  p r e v e n t  c r o s s i n g  
over,  which would c o n f u s e  m a t t e r s .  
I n  t h e  Basc mat ing  scheme, each  Fl female r e p r e s e n t s  
a n d  c a r r i e s  one t r e a t e d  wi ld - type  X-chromosome, I f  t h e  
t r e a t e d  X-chromosome h a s  s u s t a i n e d  a  l e t h a l  m u t a t i o n ,  a l l  
F2 males  r e c e i v i n g  i t  w i l l  n o t  appear .  Only Basc males 
w i t h  t h e  f e t h a l -  f ree X-chromosome may s u r v i v e .  
Though t h e  t es t  f o r  sex- l inked  r e c e s s i v e  l e t h a l  
m u t a t i o n s  can  b e  used t o  s t u d y  the e f f e c t s  o f  a  s i n g l e  
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mutagen,  it w i l l  d e t e c t  any r e c e s s i v e  s e x - l i n k e d  l e t h a l  
m u t a t i o n s ,  s o  it i s  i d e a l  f o r  r e s e a r c h  on p o t e n t i a l  mutagen 
e n h a n c e r s  o r  i n h i b i t o r s .  An e a r l y  s t u d y  o f  s u b s t a n c e s  
i n h i b i t i n g  mutagenes i s  w a s  t h e  work done w i t h  t h e  a n t i -  
b i o t i c s  p e n i c i l l i n  ( ~ h i o r n i  1966; Burde t t e  1961al and 
Ac t inomycin  D ( B u r d e t t e  1 9 6 l b ) .  I n  t h e  s t u d i e s  of Shiomi 
a n d  B u r d e t t e ,  when a d u l t  f l i e s  w e r e  f e d  t h e  a n t i b i o t i c ,  a  
d e c r e a s e  o c c u r r e d  i n  t h e  sex- l inked  r e c e s s i v e  l e t h a l  muta- 
t i o n  rate f o l l o w i n g  exposure  t o  X-ray. C la rk  (1963,  c i t e d  
by Shiomi  1966) i n j e c t e d  p e n i c i l l i n  i n t o  D r a s o p h i l a  and 
f o u n d  no d e c r e a s e  i n  m u t a t i o n  f requency.  A s  a  r e s u l t ,  
Sh iomi  (1966) proposed t h a t  t h e  a n t i b i o t i c  had a secondary  
e f f e c t  h a v i n g  some r e l a t i o n  t o  t h e  m e t a b o l i c  a c t i v i t y  of 
t h e  d e v e l o p i n g  germ cel ls .  
Though i t  i s  u n l i k e l y  p e n i c i l l i n  a c t s  a t  t h e  DNA 
l e v e l ,  ac t inomycin  b i n d s  t o  DNA and h a s  t h e  a b i l i t y  t o  
i n h i b i t  RNA s y n t h e s i s  (Cohen and Y i e l d i n g  1 9 6 5 ) .  Both a n t i -  
b i o t i c s  d i d  i n h i b i t  t h e  expected  number o f  s e x - l i n k e d  
r e c e s s i v e  l e t h a l  m u t a t i o n s  caused by X-ray; t h e r e f o r e  t h e s e  
a n t i m u t a g e n i c  s t u d i e s  w e r e  chosen a s  p r o c e d u r a l  models f o r  
the p r e s e n t  s t u d y .  S p e c i f i c a l l y ,  t h e i r  f e e d i n g  t e c h n i q u e  
of a d m i n i s t r a t i o n  was used.  I n  o r d e r  t o  enhance t h e  a b i l i t y  
of t h e  s p e r m i d i n e  t o  e n t e r  t h e  g e n e r a l l y  impermeable 
organism, d i m e t h y l  s u l f o x i d e  (DMSO) was used i n  t h e  p r e s e n t  
s t u d y .  DMSO i s  f r e q u e n t l y  used i n  g e n e t i c  m u t a t i o n  s t u d i e s  
b e c a u s e  of i t s  a b i l i t y  t o  enhance t h e  p e r m e a b i l i t y  o f  c e l l  
m e m b r a n e s ,  and i t s  non- toxic  q u a l i t i e s  (Kopeck 1 9 7 3 ;  LeRoy 
19 72  ; ~ s c h e n b r e n e r  1 9 7 2 ;  Alexander 1 9 6 6 ,  c i t e d  by Kopeck 
1 9 7 3 )  . Kopeck ( 1 9 7 3 )  used DMSO t o  c a r r y  t h e  mutagen e t h y l  
m e t h a n e s u l f o n a t e  IEFS) i n t o  Drosophi la ,  v i a  a t o p i c a l  
a d m i n i s t r a t i o n ,  t o  t e s t  t h e  ant i -mutagenic  p r o p e r t i e s  of 
DMSO, D N S O  was found t o  have no s i g n i f i c a n t  e f f e c t  i n  
d e c r e a s i n g  t h e  number of  sex- l inked  r e c e s s i v e  l e t h a l  muta- 
tions e x p e c t e d  by ENS, i n  f a c t  100% DMSO a l o n e  was found t o  
e n h a n c e  the  spon taneous  muta t ion  r a t e .  DP-ISO a l o n e  a t  Lower 
c o n c e n t r a t i o n s  was found t o  show no s i g n i f i c a n t  i n c r e a s e  
i n  the number o f  X-linked r e c e s s i v e  l e t h a l  rnuta'cions (LeRoy 
1972 ; A s c h e n b r e n e r  1 9 7 2 )  . 
The p r e s e n t  exper iment  was des igned  t o  tes t  t h e  e f f e c t  
o f  a s p e c i f i c  c o n c e n t r a t i o n  o f  spermidine  i n  i n h i b i t i n g  t h e  
e x p e c t e d  m u t a t i o n  r a t e  caused by a g i v e n  r a d i a t i o n  d o s e .  
S p e r m i d i n e  was chosen d u e  t o  i t s  a b i l i t y  t o  s t a b i l i z e  DNA. 
X - i r r a d i a t i o n  was chosen a s  t h e  mutagen because  it i s  t h e  
m o s t  c o n v e n i e n t  and p o t e n t  mutagenic a g e n t  a v a i l a b l e .  DMSO 
was used t o  enhance  t h e  passage  of s p e m i d i n e  i n t o  t h e  
D r o s a p h i l a .  
METHODS AND MATERIALS 
Oregon-R ( O R )  and - Basc s t r a i n s  of Drosoph i l a  
m e ~ a r i o g a s t e r  w e r e  used i n  t h i s  s t u d y .  Oregon-R, a w i l d - t y p e  
s t g a i n ,  r e c e i v e d  t h e  t r e a t m e n t s .  The Basc s t r a i n  was chosen 
because t h e  X-chromosomes of t h i s  s t r a i n  c a r r y  two o v e r l a p p i n g  
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i n v e r s i o n s  and t w o  marker  genes ,  a p r i c o t  e y e  c o l o r  (wa) and 
B a r  e y e  s h a p e  t B ) .  
P m a t i n g s  were made i n  q u a r t e r - p i n t  g l a s s  b o t t l e s  1 
w i t h  35 ml of cornmeal ,  a g a r ,  and molasses medium. The F1 
m a t i n g s  w e r e  made i n  25 x 1 0 5  mm s h e l l  v i a l s  c o n t a i n i n g  
6 r n l  of Carpenter's medium-agar, s u c r o s e ,  b r e w e r ' s  y e a s t  and 
s a l t s  ( C a r p e n t e r  1950) .  A l l  c r o s s e s  were m a i n t a i n e d  i n  
c o n s t a n t  l i g h t  a t  a  t e m p e r a t u r e  o f  23' + 2' C. 
S p e r m i d i n e  (Sigma) was t e s t e d  i n  t h e  s t u d y  f o r  i t s  
p o s s i b l e  i n t e r a c t i o n  w i t h  i o n i z i n g  r a d i a t i o n .  Dimethyl 
su1foxi .de  ( F i s h e r  S c i e n t i f i c  - AGS Reagent Grade) was used ,  
as a  s t a n d a r d  p a r t  o f  a l l  f o u r  t r e a t m e n t s ,  t o  i n c r e a s e  t h e  
p e r m e a b i l i t y  o f  t h e  c e l l  membrane. The X-rays were admin- 
i s t e r e d  w i t h  a P i c k e r  Zephyr u n i t ,  through t h e  c o u r t e s y  o f  
t h e  P h y s i c s  Depar tment  a t  Drake U n i v e r s i t y  . 
Oregon-R males ,  72-96 hours  o l d ,  w e r e  t r e a t e d  i n  one 
of t h e  f o l l o w i n g  ways: (1) Control-DMSO o n l y ,  (2) DMSO and 
X-ray,  ( 3 )  DMSO and spe rmid ine  o r  / 4 )  DMSO, spe rmid ine  and 
X-ray.  All of the t r e a t e d  males were f e d  i n  q u a r t e r - p i n t  
b o t t l e s  f r o m  a  p i e c e  o f  absorhan t  paper  c o n t a i n i n g  s o l u t i o n s  
f o r  a s p e c i f i c  t r e a t m e n t  for  a twenty-four hour  p e r i o d .  
They w e r e  t h e n  mated w i t h  v i r g i n  Basc - females  immedia te ly  or 
f o l l o w i n g  i r r a d i a t i o n  depending on t h e  group.  
The c o n t r o l  group was f e d  on  1 M DMSO i n  c a r p e n t e r ' s  
m e d i a  Lacking brewer's y e a s t  and a g a r .  
Males c o n s t i t u t i n g  t h e  X-ray group w e r e  a l lowed  t o  
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feed. on 1 M DMSO, as t h e  c o n t r o l s  d i d ,  and a f t e r  t h e  twenty-  
four h o u r  p e r i o d  t h e  f l ies  were i r r a d i a t e d  u s i n g  6 4  k i l o -  
vo l t s  of 5 ma, 6 1/8 i n c h e s  from an u n f i l t e r e d  X-ray s o u r c e  
f o r  4 m i n u t e s  39 seconds  g i v i n g  a  dosage o f  2000 R. 
The spe rmid ine  group was f e d  on I Q O  mPjI spe rmid ine  
w h i c h  was  made by d i l u t i n g  t h e  spermidine  w i t h  t h e  1 pb4 DMSO. 
The spe rmid ine  and X-ray group,  f  o l lowing  f e e d i n g  
on the 100 mM s p e r m i d i n e ,  was i r r a d i a t e d  a long  w i t h  t h e  
X - r a y  o n l y  group u s i n g  an  i d e n t i c a l  schedu le  of  i r r a d i a t i o n .  
I n  a l l  f o u r  g roups ,  t e n  q u a r t e r - p i n t  b o t t l e s  c o n t a i n -  
i n g  t w e n t y  t r e a t e d  OR males  and twenty v i r g i n  females  w e r e  
s e t  up,  A f t e r  two days  on t h e  medium, halfway th rough  t h e  
expected egg  l a y i n g  p e r i o d ,  t h e  f l i e s  i n  each o f  t h e  b o t t l e s  
w e r e  t u a n s f e r r e d  t o  a new b o t t l e  of  medium t o  p r e v e n t  over-  
c r o w d i n g  of t h e  progeny. A t  t h e  end of  t h e  two day p e r i o d  
on t h e  second b o t t l e s ,  a l l  a d u l t  f l i e s  were d i s c a r d e d .  
F1 x FL mat ings  were made u s i n g  one female  of  t h e  
F p r o g e n y  and two males .  I f  t h e r e  was a  s h o r t a g e  of  F 1 1 
s i b l i n g  m a l e s ,  males from Basc -s t o c k  c u l t u r e s  w e r e  sub-  
s t i t u t e d  s i n c e  t h e  F males  have t h e  same X-chromasome a s  1 
a Basc s t o c k  c u l t u r e  male.  
A l l  o f  t h e  c r o s s e s  d e s c r i b e d  above w e r e  performed 
t w i c e .  
Any such  F2 c u l t u r e s  c o n t a i n i n g  a l e t h a l  m u t a t i o n  
will h a v e  o n l y  t h r e e  i n s t e a d  of f o u r  c l a s s e s  o f  progeny 
present. Half o f  t h e  female progeny will be he te rozygous  
Basc f e m a l e s  and t h e  o t h e r  h a l f  w i l l  be homozygous Basc 
f e m a l e s .  The male progeny w i l l  on ly  be made up o f  Basc 
m a l e s .  There w i l l  b e  an  absence of  t h e  wi ld - type  males i f  
t h e  p a r t i c u l a r  F female  used f o r  t h i s  c u l t u r e  c a r r i e d  a  1 
l e t h a l  on  t h e  t r e a t e d  wi ld - type  X-chromosome which would 
h a v e  b e e n  t r a n s m i t t e d  t o  t h i s  c l a s s  of s a n s .  Any F2 
c u l t u r e  w h i c h  e x h i b i t e d  t h e  absence of t h e  wi ld - type  male 
a n d  c o n t a i n e d  at l e a s t  s e v e n  Basc males was s c o r e d  a s  can- 
t a i n i n g  a n  X- l inked  r e c e s s i v e  l e t h a l  muta t ion .  
V i a l s  c o n t a i n i n g  fewer than  seven Basc - males and no 
w i l d - t y p e  m a l e s  w e r e  s c o r e d  a s  p robab le  l e t h a l s .  S i n c e  t h e  
p r o b a b i l i t y  o f  p roduc ing  six Basc males and no wi ld - type  
m a l e s  j u s t  b y  chance  i s  1/64,  it is b e l i e v a b l e ,  even though 
i m p r o b a b l e ,  t h a t  t h e  wi ld- type  males could  b e  a b s e n t  from a 
s m a l l  g r o u p  o f  males i n  an F c u l t u r e  i n  which t h e r e  was 2 
r e a l l y  no  l e t h a l  muta t ion .  When fewer than  seven Basc males  
w e r e  r e c o v e r e d  f r o m  a c u l t u r e  l a c k i n g  wi ld- type  m a l e s ,  a few 
of the h e t e r o z y g o u s  Basc F2 females were mated i n d i v i d u a l l y  
t o  t w o  B a s c  males .  Absence o f  wi ld- type  male progeny i n  
t h e  F3 g e n e r a t i o n  i n  a l l  sub-rnatings confirmed t h e  p r e s e n c e  
of a l e t h a l  m u t a t i o n  beyond a  r easonab le  doubt .  
A 1 1  r e s u l t s  w e r e  submi t t ed  t o  t h e  Kastenbaum-Bowman 
t e s t  ( 1 9 7 0 )  because  t h e  t o t a l  number of  m u t a t i o n s  was less 
t h a n  1 0 0 ,  
RESULTS 
The r e p r e s e n t e d  r e s u l t s  from both  t r i a l s  a r e  p r e s e n t e d  
i n  T a b l e  1. I t  i s  e v i d e n t  f r o m  t h e  v a l u e s  o b t a i n e d  w i t h  t h e  
Kastenbaurn-Bowman test ( 1 9 7 0 )  t h a t  t h e  muta t ion  f r e q u e n c i e s  
b e t w e e n  t h e  t w o  t r i a l s  had no h i g h l y  s i g n i f i c a n t  d i f f e r e n c e  
for any of t h e  t r e a t m e n t s  u s i n g  t h e  5 . 0 1  conf idence  l e v e l .  
A t  t h e  0 . 0 5  c o n f i d e n c e  l e v e l  t h e  spermidine-only t r e a t m e n t  
showed a s i g n i f i c a n t  d i f f e r e n c e  i n  muta t ion  f r e q u e n c i e s  
b e t w e e n  the two t r i a l s .  D e s p i t e  t h i s  d i f f e r e n c e ,  t h e  d a t a  
f r o m  b o t h  e x p e r i m e n t a l  t r i a l s  was combined, f o r  f u r t h e r  
s t u d y ,  i n  T a b l e  2 s i n c e  t h e r e  was no ev idence  of any l a r g e  
d i f f e r e n c e s  i n  m u t a t i o n  r a t e s .  A 1 1  e v a l u a t i o n s  w i l l  b e  
b a s e d  on  t h i s  table. A 1 1  comparisons t h a t  fo l low between 
t r e a t m e n t  g r o u p s  a r e  based on c a l c u l a t i o n s  u s i n g  t h e  
Kastenbaum-Bowman t e s t  ( 1 9 7 5 )  a t  t h e  0 . 0 5  conf idence  l e v e l .  
The g r o u p  o f  Drosoph i l a  t r e a t e d  w i t h  100 mM spearmi- 
d i n e  i n  t h e  1 M DMSO f o r  twenty-four hours  had a  muta t ion  
f r e q u e n c y  o f  0 . 5 9 %  (Tab le  2 )  . When t h i s  r a t e  i s  compared 
w i t h  t h e  m u t a t i o n  f requency of t h e  c o n t r o l  group,  no 
s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  muta t ion  f r e q u e n c i e s  i s  
observed be tween  t h e s e  two groups.  
The D r o s o p h i l a  t r e a t e d  wi th  X-ray o n l y  had an oh- 
s e r v e d  m u t a t i o n  f requency of  2 . 6 2 %  (Table  2 )  . Comparing 
t h e  X-ray o n l y  group w i t h  t h e  c o n t r o l  group,  t h e  X-linked 
r e c e s s i v e  L e t h a l  muta t ion  f r e q u e n c i e s  a r e  shown t o  be 
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s i g n i f i c a n t l y  d i f f e r e n t .  
T h e  m u t a t i o n  frequency of 2 .86% (Table 2 )  ob ta ined  
f o r  t h e  group of a d u l t  OR f l i e s  fed on t h e  100 m~ spermi- 
d i n e  d i l u t e d  i n  1 M DMSO and then i r r a d i a t e d  wi th  2000 R 
X - i r r a d i a t i o n  was compared wi th  t h e  con t ro l  group. The 
v a l u e  o b t a i n e d  i n d i c a t e s  t h a t  t h e  number of mutations ob- 
s e r v e d  i n  t h e  spermid ine  and X-ray group and t h e  c o n t r o l  
g r o u p  i s  s i g n i f i c a n t l y  d i f f e r e n t .  
The l a s t  s t a t i s t i c a l  comparison was made between t h e  
X-ray o n l y  g r o u p  and t h e  spermidine and X-ray group. More 
m u t a t i o n s  w e r e  ob t a ined  wi th  spermidine than without. i t ,  . 
b u t  t h e  d i f f e r e n c e  was no t  s t a t i s t i c a l l y  s i g n i f i c a n t ,  The 
e s t i m a t i o n  o f  t h e  conf idence l i m i t s  of a p ropor t ion  
(Snedecor  and Cochran 1 9 6 7 )  was a l s o  ca l cu l a t ed  f o r  t h e s e  
two g r o u p s ,  a n d  it is i n d i c a t e d  from these  v a l u e s ,  1 . 7 %  t o  
3.5% f o r  X-ray and 2 . 0 %  t o  3 .8% f o r  spermidine and X-ray, 
t h a t  a t  t h e  9 5 %  confidence l e v e l  spermidine does not  double 
o r  ha lve  t h e m u t a t i o n  r a t e .  Both of t hese  s t a t i s t i c a l  tests  
i n d i c a t e  t h e r e  i s  no s i g n i f i c a n t  d i f f e r ence  i n  t h e  number 
o f  X-l inked r e c e s s i v e  l e t h a l  mutations observed between 
these two g r o u p s ,  
The f e r t i l i t y  r a t e s  f o r  a l l  of t h e  P1 matings f o r  
a l l  f o u r  t r e a t m e n t s  were between 9 7 . 4 %  and 9 8 . 0 % .  
DISCUSSION 
The p r e s e n t  Study W a s  an  a t t empt  t o  determine if a 
spec if i c  c o n c e n t r a t i o n  of  spermidine  could change t h e  number 
o f  s e x - l i n k e d  r e c e s s i v e  l e t h a l  muta t ions  caused by X- 
i r r a d i a t i o n .  When t h e  X-ray t r e a t m e n t  muta t ion  frequency 
of 2 . 6 2 %  is compared w i t h  t h e  spermidine and X-ray muta t ion  
frequency of 2 , 8 6 % ,  t h e r e  i s  no  s i g n i f i c a n t  d i f fe renGe  i n  
m u t a t i o n  r a t e s .  A s  a  r e s u l t ,  s e v e r a l  conc lus ions  may b e  
drawn. The f i r s t  one i s  t h a t  t h e  d a t a  r e f u t e s  t h e  hypothe- 
s is  t h a t  t h e  t e s t e d  dose  of  spermidine  reduces t h e  X-linked 
r e c e s s i v e  l e t h a l  m u t a t i o n  r a t e  caused by X - i r r a d i a t i o n .  
T h i s  h y p o t h e s i s  w a s  proposed due t o  t h e  p rev ious  work w i t h  
s p e u m i d i n e ' s  a b i l i t y  t o  b i n d  t o  DNA and i t s  an t imutagen ic  
p r o p e r t i e s  ( J o h n s o n  and Bach 1 9 6 8 ;  Bachrach 1 9 7 0 ;  Tabor and 
T a b o r  1 9 6 4 ;  L i q u o r i  e t  a l .  1 9 6 7 )  . Since  i r r a d i a t i o n  c a u s e s  
point m u t a t i o n s ,  t h e  spe rmid ine  might bind t o  t h e  DNA 
d o u b l e  h e l i x  and p r e v e n t  some of t h e  muta t ions  o t h e r w i s e  
caused by X - i r r a d i a t i o n .  
Sper rn id ine  d i d  n o t  d e c r e a s e  t h e  number of  s e x - l i n k e d  
r e c e s s i v e  l e t h a l  m u t a t i o n s  recovered .  I n  f a c t ,  t h e r e  w e r e  
a Eew more m u t a t i o n s  w i t h  spermidine .  s e v e r a l  e x p l a n a t i o n s  
m a y  be o f f e r e d  as a l t e r n a t i v e s  t o  r e f u t i n g  t h e  h y p o t h e s i s .  
F i r s t ,  it i s  p o s s i b l e  t h a t  t h e  spermidine never  reached the 
germ ce l l s  of t h e  a d u l t  Oregon-R males .  I t  had been sup- 
posed  t h a t  t h e  DMSO would make c e l l s  more permeable to 
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s p e r m i d i n @  s i n c e  DM50 p e n e t r a t e s  t h e  i n t a c t  dermis 
( H e r s c h l e r  and Jacob 1965,  c i t e d  by Kopeck 1973)  and mucous 
membranes (Jacob e t  a l .  1 9 6 4 ,  c i t e d  by Kopeck 1973) .  David 
( 1 9 7 2 ,  c i t e d  by Kopeck 1 9 7 3 )  proposed t h a t  t h e  mechanism 
f o r  t h e  a b i l i t y  o f  DMSO t o  p e n e t r a t e  s k i n  and mucous mem- 
b r a n e s  may have been t h e  r e s u l t  of i t s  dynamic i n t e r a c t i o n  
w i t h  t i s s u e  w a t e r  by forming hydrophobic bonds between DMSO 
a n d  e x p o s e d  m o i e t i e s  (N-H and 0 - H )  o f  t h e  p r o t e i n  s t r u c t u r e .  
Kopeck (1973)  found DMSO was e f f e c t i v e  i n  t r a n s p o r t i n g  EMS 
i n t o  D r o s o p h i l a .  F u t u r e  s t u d i e s  might  use r a d i o a c t i v e  
s p e r m i d i n e  t o  d e t e r m i n e  whether  DMSO r e a l l y  does c a r r y  
s p e r m i d i n e  a c r o s s  ce l l  membranes. I t  does seem l i k e l y  t h a t  
s o m e  s p e r m i d i n e  p a s s e d  i n t o  t h e  Drosophi la ,  because t h e  
f l i e s  were o n  t h e  a b s o r b a n t  paper  w i t h  t h e  100 mM spe rmid ine  
f o r  t w e n t y - f o u r  h o u r s .  Drosophi la  dehydra te  i n  t h a t  t i m e  
s p a n  i f  no  l i q u i d s  a r e  t a k e n  i n .  
I f  it is assumed that t h e  spermidine  was t aken  i n  by 
t h e  D r o s o p h i l a  t h e  n e x t  problem concerns  the metabolism of  
s p e r m i d i n e .  Dion (1970) demonstrated t h a t  t h e  a d m i n i s t r a -  
t i o n  of [14c1 spermid ine  t o  l a r v a e  o l d e r  t h a n  104 hours  
r e s u l t e d  i n  t h e  r a p i d  p r o d u c t i o n  of  l a b e l e d  p u t r e s c i n e ,  which 
was  r a p i d l y  m e t a b o l i z e d .  H i s  s t u d i e s  a l s o  showed t h a t  pupa l  
s t a g e s  m a i n t a i n e d  a t  O 0  C e x h i b i t e d  r a p i d l y  reduced l e v e l s  
of s p e r m i d i n e  p r o b a b l y  a s  a  r e s u l t  of  a c e t y l a t i o n -  Dion 
( 1 9 7 3 )  conc luded  through h i s  r e s e a r c h  t h a t  s t r i n g e n t  
h o m e o s t a t i c  c o n t r o l  e x i s t s  over  spermidine  l e v e l s .  In the 
2 2  
p r e s e n t  s t u d y ,  t h e  spermidine in t roduced may have been 
r a p i d l y  c o n v e r t e d  t o  p u t r e s c i n e  and then f u r t h e r  metabol- 
i z e d .   his r a p i d  metabolism might prevent  t h e  spermidine 
f r o m  r e a c h i n g  t h e  germ c e l l s  and binding t o  t h e  DNA, 
Another  p o s s i b l e  reason  f o r  doubting t h e  obvious 
c o n c l u s i o n s  o f  t h e  experiment is  t h a t  t h e  concent ra t ion  used 
may have  been t o o  l o w  t o  have an e f f e c t .  The spermidine 
c o n c e n t r a t i o n  used ,  1 0 0  mM, was chosen a f t e r  looking a t  
work by R e r b s t  e t  a l .  ( 1 9 7 3 )  wi th  Drosophila l a rvae .  They 
u s e d  1 rnM and 10 mE4 concen t r a t i ons  of spermidine i n  a  l i q u i d  
c u l t u r e  medium i n  which t h e  l a rvae  were incubated f o r  fou r  
h o u r s .  H e r b s t  e t  a l .  ( 1 9 7 3 )  was unsuccessfuL i n  determining 
t h e  t o x i c i t y  l e v e l ,  b u t  t h e  h ighes t  concentra t ion used,  
0 . 1 2  M ,  d i d  n o t  a f f e c t  t h e  l a rvae  a s  judged by normal move- 
ment i n  t h e  media. I n  choosing t h e  1 0 0  mM concent ra t ion  f o r  
t h e  p r e s e n t  s t u d y ,  an a t tempt  was made t o  use a  concentra-  
t i o n  a s  h i g h  as  p o s s i b l e  wi thout  causing de t r imen ta l  e f f e c t s  
t o  t h e  Drosophi la .  S ince  t h i s  concent ra t ion ,  1 0 0  mM, had 
n o  e f f e c t ,  f i n d i n g  t h e  LD50 l e v e l  f o r  spermidine could be 
b e n e f i c i a l  f o r  f u t u r e  s t u d i e s .  The sex-l inked r e c e s s i v e  
l e t h a l  t e s t  could  be  used w i t h  an LD50 concent ra t ion  i n  
c o n j u n c t i o n  w i t h  X- i r r ad i a t i on .  The LD50 concent ra t ion  of 
s p e r m i d i n e  might i n  t u r n  i nc rease  t h e  l e v e l  of spermidine i n  
t h e  Drosoph i l a  germ c e l l s  causing a more pronounced pheno- 
t y p i c  e f f e c t  on t h e  F2 genera t ion  a s  measured by  t h e  muta- 
t i o n  ra te .  
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When c o n s i d e r i n g  t h e  e E f e e t s  of  spermidine  alone,  
t h e  Kastenbaum-Boman t e s t  demonstrated t h a t  spermidine had 
n o  s i g n i f i c a n t  mutagen ic  p r o p e r t i e s .  I n  o r d e r  t o  consider 
t h e  v a l i d i t y  of t h e  d a t a ,  t h e  r e s u l t s  were compared wi th  
a n o t h e r  s t u d y  i n  which a spermidine-only  w a s  run .  The 
m u t a t i o n  f r e q u e n c y  f o r  t h e  spermidine  only  t r e a t m e n t ,  0,5g%, 
i s  h i g h e r  t h a n  A s c h e n b r e n e r C s  (1972) va lue  o f  0.19%. 
A s c h e n b r e n e r  a d m i n i s t e r e d  t h e  spermidine  and DMSO t o  the 
abdomen o f  t h e  D r o s o p h i l a  w i t h  a t o p i c a l  i n j e c t i o n  us ing  a  
s y r i n g e  m i c r o b u r e t .  Aschenbrener  a l s o  used a  c o n c e n t r a t i o n  
o f  0 . 0 2  M s p e r m i d i n e  compared t o  t h e  100 mP?I used i n  t h i s  
s t u d y ,  p o s s i b l y  e x p l a i n i n g  t h e  h i g h e r  number of sex- l inked 
r e c e s s i v e  l e t h a l  m u t a t i o n s  found i n  t h e  p r e s e n t  s tudy .  
The c o n t r o l  g roup ,  l i k e  t h e  groups w i t h  which it  was 
compared ,  had  DMSO a d m i n i s t e r e d  t o  it. This p o t e n t  chemical 
m i g h t  h a v e  a f f e c t e d  mutagenes is  , Kopeck (1973) ob ta ined  a  
1 . 3 %  m u t a t i o n  r a t e  w i t h  1 0 0 %  DMSO t o p i c a l  a d m i n i s t r a t i o n ,  
b u t  A s c h e n b r e n e r  ( 1 9 7 2 )  o b t a i n e d  a z e r o  p e r c e n t  X-l inked 
r e c e s s i v e  L e t h a l  m u t a t i o n  r a t e  f o r  h i s  DMSO only  t r e a t m e n t .  
The  v a l u e  of 0 - 5 9 %  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  f o r  t h e  
DMSO c o n t r o l s  , f a l l s  between t h e  two v a l u e s  o b t a i n e d  by t h e  
o t h e r  r e s e a r c h e r s .  Using t h e  Kastenbaum-Bowman t e s t  f o r  
c o m p a r i n g  t h e  v a l u e s ,  t h e  r e s u l t s  of  both  r e s e a r c h e r s  show 
no  s i g n i f i c a n t  d i f f e r e n c e  from t h e  muta t ion  r a t e  a t  t h e  
0 - 0 5  c o n f i d e n c e  l e v e l  i n  t h e  p r e s e n t  s t u d y  - 
When c o n s i d e r i n g  t h e  effect of DMSO on mutagenesisf 
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t h e  s p o n t a n e o u s  m u t a t i o n  r a t e  must b e  reviewed. I n  t h e  
p r e s e n t  s t u d y ,  h i s t o r i c a l  c o n t r o l s  w e r e  used. L e e  e t  a l .  
(1983)  p o i n t e d  o u t  t h e  advan tage ,  p r i m a r i l y  economical ,  of 
h i s t o r i c a l  c o n t r a l s  i n  t h e i r  review of  t h e  sex- l inked reces-  
s ive  l e t h a l  t e s t ,  T h e i r  remarks were used a s  a  b a s i s  f o r  
t h e  d e c i s i o n  n o t  t o  r u n  a c o n t r o l  w i t h  only  t h e  C a r p e n t e r ' s  
med ia  l a c k i n g  b r e w e r ' s  y e a s t  and a g a r ,  Wallace (1970) ob- 
t a i n e d  a s e x - l i n k e d  l e t h a l  spontaneous  muta t ion  r a t e  f o r  a  
v a r i e t y  of w i l d - t y p e  males  a t  0 . 2 4 %  i n  4 6 5  Drosophila .  
Kopeck (1973)  r e p o r t e d  a  z e r o  spontaneous muta t ion  r a t e  i n  
5 7 4  f e r t i l e  F m a t i n g s .  LeRoy (1972) and Aschenbrener ( k 9 7 2 )  1 
r e p o r t e d  m u t a t i o n  f r e q u e n c i e s  of 0,27% i n  367 chromosomes 
a n d  0 . 2 6 %  i n  372 chromosomes r e s p e c t i v e l y ,  When comparing 
K o p e c k ' s  v a l u e  for  spon taneous  muta t ion  r a t e  and t h e  DMSO- 
o n l y  v a l u e  from t h e  p r e s e n t  s t u d y ,  no  s i g n i f i c a n t  d i f f e r -  
e n c e  i s  o b t a i n e d .  Due t o  t h e  spontaneous c o n t r o l  r a t e s  o f  
t h e  o t h e r  r e s e a r c h e r s ,  t h e  DNSO-only t r e a t m e n t  d i d  no t  
s i g n i f i c a n t l y  i n c r e a s e  t h e  number of sex- l inked r e c e s s i v e  
l e t h a l  m u t a t i o n s  from a n o n t r e a t e d  c o n t r o l  group.  DMSO was 
shown t o  be s l i g h t l y  mutagenic i n  Kopecks' (1973) , b u t  he 
w a s  u s i n g  a 1 0 0 %  DMSO t o p i c a l  a d m i n i s t r a t i o n  compared wi th  
t h e  1 M t w e n t y - f o u r  h o u r  f e e d i n g  of  DMSO used i n  t h e  p r e s e n t  
s t u d y .  
A f t e r  e v a l u a t i n g  t h e  e f f e c t s  of DMSO on mutagenesis .  
t h e  effects of t h e  p r i n c i p l e  mutagen X - i r r a d i a t i o n  must be 
c o n s i d e r e d .  The m u t a t i o n  frequency of 2 . 6 2 %  f o r  a  2000 R 
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dose i s  l o w e r  t h a n  ~ ~ € ? v ~ o u s  s t d i e s  d e a l i n g  w i t h  i r radia-  
t i o n  ( S h i o m i  1966;  Herskowitz  e t  a l .  1959 ,  c i t e d  by 
H e r s k o w i t z  1973)  . Shiomi o b t a i n e d  a v a l u e  of  3.77% from 
1 3 0 1  chromosomes t e s t e d  u s i n g  a Canton-S s t o c k  f o r  t h e  
tester  s t r a i n .   his v a l u e  i s  n o t  s i g n i f i c a n t l y  h i g h e r  than  
t h e  m u t a t i o n  r a t e  r e c o r d e d  i n  t h e  p r e s e n t  s t u d y  f o r  Oregon- 
R. S h i o m i  t h o u g h  had  a  Lower muta t ion  r a t e  f o r  2000 R than  
~ e r s k o w i t z ' s  e l  a l .  (1959,  c i t e d  by Herskowitz 1 9 7 3 )  va lue  
of 5 . 8  0 % .  Two p o s s i b l e  e x p l a n a t i o n s  should be cons idered  
f o r  t h e  d i f f e r e n c e s  i n  t h e  muta t ion  rate f o r  t h e  p r e s e n t  
s t u d y  and  t h e  o t h e r  s t u d i e s .  The f i r s t  i s  t h a t  s t r a i n s  of 
D r o s o p h i l a  w i l l  d i f f e r  i n  t h e i r  r e sponse  t o  mutagens and 
w i l l  a l so  show d i f f e r e n t  rates f o r  spontaneous muta t ions .  
The s e c o n d  p o s s i b l e  e x p l a n a t i o n  may b e  t h a t  t h e  I M DMSO 
u s e d  i n  t h e  p r e s e n t  s t u d y  i n h i b i t e d  t h e  mutat ion caused by 
X - i r r a d i a t i o n .  Mazar B a r n e t t  (1972) demonstrated t h a t  a  
1 0 %  s o l u t i o n  o f  DMSO would d e c r e a s e  t h e  frequency of sex- 
l i n k e d  r e c e s s i v e  l e t h a l s  by 1 .06% when u s i n g  a dose of 
1000 R X - i r r a d i a t i o n .  The mechanisms proposed by Mazar 
B a r n e t t  i n c l u d e d  t h e  DMSO p o s s i b l y  r e v e r s i b l y  s u b s t i t u t i n g  
f o r  w a t e r  i n  t h e  h y d r a t i o n  s h e a t h  of t h e  n u c l e i c  a c i d s ,  
a l t e r i n g  t h e  c o n f i g u r a t i o n .  This  may cause  t h e  DNA S ~ ~ U C -  
t u r e  t o  b e  less s u b j e c t  t o  r a d i a t i o n  induced i n j u r y  (Mazar 
B a r n e t t  1972)  . 
Based on Mazar ~ a r n e t t ' s  (1972) f i n d i n g s  On the 
a b i l i t y  o f  DMSO t o  i n h i b i t  t h e  muta t ion  r a t e  caused 
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X - i r r a d i a t i o n ,  a n o t h e r  p r o p o s a l  may be g iven  t o  e x p l a i n  t h e  
r e s u l t s  o f  s p e r m i d i n e  and X - i r r a d i a t i o n  on t h e  mutation rate.  
Though no  l i t e r a t u r e  h a s  been found a t  t h i s  t i m e  t o  suppor t  
t h i s ,  s p e r m i d i n e  may a c t  o n  t h e  DNA s t r u c t u r e  i n  a  manner 
s i m i l a r  t o  t h e  DMSO. I f  t h e  DMSO has  t h e  a b i l i t y  t o  under- 
go t h i s  r e a c t i o n  more q u i c k l y  t h a n  spermidine ,  any f u r t h e r  
i n t e r a c t i o n  o f  t h e  DNA molecu le  wi th  spermidine may be 
i n h i b i t e d .  T e s t i n g  e a c h  chemical  a l o n e  and us ing  radio-  
a c t i v e  s p e r m i d i n e  c o u l d  a l l o w  one t o  determine i f  DMSO o r  
s p e r m i d i n e  r e d u c e s  t h e  X - i r r a d i a t i o n  induced mutagenesis .  
One f i n a l  p o i n t  t o  be mentioned is  t h e  s l i g h t  in -  
crease i n  m u t a t i o n  f r e q u e n c y  of spermidine and X-ray t r e a t -  
ment  i n  c o m p a r i s o n  t o  t h e  X-ray o n l y  t r e a t m e n t .  Though t h e  
d i f f e r e n c e  was s t a t i s t i c a l l y  i n s i g n i f i c a n t ,  it  would be 
i n t e r e s t i n g  t o  p u r s u e  i n v e s t i g a t i o n s  of t h e  combined t r e a t -  
men t  by u s i n g  a h i g h e r  c o n c e n t r a t i o n  o f  spermidine.  The 
f a c t  t h a t  s p e r m i d i n e  b i n d s  t o  DNA i s  most obvious ly  used t o  
p r e d i c t  t h a t  it would d e c r e a s e  muta t ion  r a t e ,  b u t  t h a t  is 
u n l i k e l y  i n  v iew of t h e  p r e s e n t  r e s u l t s .  P o s s i b l y  it 
e n h a n c e s  the m u t a t i o n  ra te  when combined w i t h  X - i r r a d i a t i o n .  
S i n c e  X - i r r a d i a t i o n  may c a u s e  muta t ions  v i a  a n  i n d i r e c t  
method ,  free r a d i c a l  f o r m a t i o n ,  t h e  spermidine may bind 
w i t h  t h e  f r e e  r a d i c a l .  T h i s  may i n c r e a s e  t h e  r a d i c a l ' s  
a b i l i t y  t o  i n t e r a c t  w i t h  t h e  DNA molecule and induce a  
m u t a t i o n ,  
I n  c o n c l u s i o n ,  t h e  p r e s e n t  s t u d y  has shown t h a t  a 
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s p e c i f i c  c o n c e n t r a t i o n  of spermidine administered v ia  
f e e d i n g  had no e f f e c t  i n  increas ing  o r  decreasing the induc- 1 
I 
t i o n  of X-linked r e c e s s i v e  l e t h a l  mutations i n  Drosophila 
by X - i r r a d i a t i o n .  Severa l  recommendations fo r  fu r the r  
s t u d y  were mentioned t o  understand what the  po ten t i a l  of 
s p e r m i d i n e  may be f o r  a f f e c t i n g  mutagenesis. 
LITERATURE CITED 
Alexander, M. Dimethyl  s u l f o x i d e  t r e a t m e n t  of Drosophila.  
The U n i v e r s i t y  o f  Texas  P u b l i c a t i o n .  6615: 505-516; 
1 9 6 6 .  ( I n  Kopeck 1 9 7 3 ) .  
A r e n a ,  V. I o n i z i n g  r a d i a t i o n  and l i f e ,  S t .  ~ o u i s :  C .  V. 
Mosby C o . ;  1971,  
A s c h e n b r e n e r ,  J. G e n e t i c  e f f e c t s  of combined srsermidine and 
e t h y l  m e t h a n e s u l f o n a t e  t r e a t m e n t  of ~ r o s o ~ k i l a .  
D e s  Moines ,  IA: Drake Univ. ; 1972. 30 p. ~ h e s i s .  
A u e r b a c h ,  C. M u t a t i o n  r e s e a r c h .  New York: John Wiley and 
S o n s ;  1976 .  
Bach ,  M. ; J o h n s o n ,  H. Some s t u d i e s  on t h e  ant imutagenic 
a c t i o n  o f  po lyamines .  Hahn, F. E. ed.  Progress  i n  
m o l e c u l a r  and s u b c e l l u l a r  b io logy .  Vol. 2. Mew York: 
S p r i n g e r  V e r l a g ;  197L:329-346. 
B a c h r a c h ,  U. iYe-tabolisrn and f u n c t i o n  of spermine and 
r e l a t e d  po lya rn ines ,  C l i f t o n ,  C .  ed. Annu. Rev. 
Microbial. Vol.  24,  C a l i f o r n i a :  Annual Reviews Inc .  ; 
1970  :109-134. 
B u r d e t t e  , W .  I n f l u e n c e  o f  p e n i c i l l i n  on frequency 05 
i n d u c e d  m u t a t i o n s .  P r o c ,  Nat.  Acad. S c i .  USA. 47:  
1813-1817;  1961a.  
B u r d e t t e ,  W .  A l t e r a t i o n  o f  muta t ion  frequency by t rea tment  
w i t h  Ac t inomycin  D. S c i e n c e .  1 3 3 ~ 4 0 ;  L96lb. 
B y u s ,  C.  ; H e r b s t ,  E .  Decarboxylases  f o r  polyamine bio-  
s y n t h e s i s  i n  Drosophila melanogas ter  l a r v a e .  Siochem. 
J. 154:31-33;  1976.  
C a r p e n t e r ,  J.  A new s e m i s y n t h e t i c  food medium f o r  
D r o s o p h i l a .  Dros .  I n f o .  Serv. 24:96-97; 1950 .  
C l a r k ,  A. M. The e f f e c t s  of  chloramphenicol ,  s t reptomycin.  
a n d  p e n i c i l l i n  o n  t h e  i n d u c t i o n  of muta t ions  by X-rays 
i n  D r o s o p h i l a  m e l a n o g a s t e r .  2 .  Vererb. 9 4  : 121-125; 
1 9 6 3 .  ( I n  Shiomi  1 9 6 6 ) .  
Cohen , S . ; Y i e l d i n g ,  K .  I n h i b i t i o n  of  DNA and RNA 
p o l y m e r a s e  r e a c t i o n s  by ch lo roqu ine  . Proc. Nat . Acad. 
S c i .  USA. 54:521-527; 1965. 
 avid, N. A. The pharmacology of d imethyl  su l fox ide .  
Annu. Rev. Pharmacol ,  l2:353-374; 1 9 7 2 .  ( InKapeck 
1 9 7 3 ) .  
D i o n ,  A. P u t r e s c i n e  and polyamines : r e l a t i o n  t o  growth 
a n d  d e v e l o p m e n t  i n  D r o s o p h i l a  melanogaster .  D i s s .  
Abstr. B. 30~3476-B;  1950. 
D u d l e y ,  W . W, ; Rosenheim, 0.  Notes on spermine. Biochem. 
J .  1 9  :1034-1036; 1925.  
F l i n k ,  I ;  P e t t i  j o h n ,  D.  Polyamines s t a b i l i z e  DNA f o l d s .  
N a t u r e .  253:62-63; 1975.  
H e r b s t ,  E .  J, ; Dion ,  A,  S. Polyarnine changes dur ing  
d e v e l o p m e n t  o f  ~ r o s o p h i l a  melanogas ter .  Fed. Proc. 
2 9  :1563-1567: 1970.  
H e r b s t ,  E .  J. ; Byus,  C. ; Nuss,  D .  The s t i m u l a t i o n  of RNA 
s y n t h e s  is b y  s p e r m i d i n e :  s t u d i e s  w i t h  Drosophila 
larvae and RNA po lymerase .  R u s s e l ,  D. ed .  Polyarnines 
i n  n o r m a l  a n d  n e o p l a s t i c  growth. New York: Raven 
P r e s s  P u b l i s h e r s ;  1973 :71-90. 
H e r s c h l e r ,  R ,  J .  ; Jacob, S. W. DMSO--a new drug from l i g n i n .  
T e c h ,  A s s o c .  P u l p  P a p e r  I n c .  48:43A-46A; 1965. ( I n  
Kopeck 1973)  . 
H e r s k o w i t z ,  I .  P r i n c i p l e s  of g e n e t i c s .  New York: The 
Macrni l lan  Co.;  1973.  
H e r s k o w i t z ,  I .  ; M u l l e r ,  H .  J. ; Laughl in ,  J. S .  The muta- 
b i l i t y  o f  18mer e l e c t r o n s  a p p l i e d  t o  Drosophila 
s p e r m a t o z o a .  G e n e t i c s .  44 :321-328; 1959. ( I n  
H e r s k o w i t z  1 9 7 3 ) .  
J a c o b ,  S.  W. ; B i s c h e l ,  M. ; H e r s c h l e r ,  R. J. Dimethyl 
s u l f o x i d e :  e f f e c t s  on t h e  p e r m e a b i l i t y  of b i o l o g i c a l  
membranes f p r e l i m i n a r y  r e p o r t )  , Curr.  Ther.  R e s  . 
6:193-198;  1964.  ( I n  Kopeck 1973) .  
J o h n s o n ,  H .  G ,  ; Bach,  M. K .  Apparent suppress ion  of 
m u t a t i o n  r a t e s  i n  b a c t e r i a  by spermine. Nature.  
208:408-409;  1965.  
J o h n s o n ,  H.  G.  ; Bach,  M. K .  Uptake and s u b c e l l u l a r  l o c a l -  
i z a t i o n  o f  t r i t i a t e d  spermine  i n  E s c h e r i c h i a  c o l i .  
Arch .  Biochem. Eiophys.  L28:113-123; 1968,  
Kas tenbaum,  M. ; Bowman, K .  0 .  Table  f o r  de termining t h e  
s t a t i s t i c a l  s i g n i f i c a n c e  of muta t ion  f requenc ies .  
M u t a t ,  R e s .  9 :527-549; 1 9 7 0 ,  
Kopeck,  P .  The e f f e c t s  of  dimethyl su l fox ide  sn  the  
m u t a g e n i c  a c t i o n  o f  e t h y l  methanesulfonate i n  
- 
~ r o s o ~ h i l a  me lanogas t e r .  D e s  Moines, I A :  Drake Univ. ; 
1973.  52p. T h e s i s .  
Lea ,  D .  E .  A c t i o n s  o f  r a d i a t i o n s  on l i v i n g  c e l l s .  2nd ed. 
Cambridge:  Cambridge Univ. Press; 1955. 
Lee ,  W, R. ; Abrahamson, S. ; Valencia ,  R . ;  von Ha l l e ,  E.  S. ; 
W u r g l e r ,  F, E .  ; Z i m e r i n g ,  S. The sex-linked reces- 
s ive l e t h a l  t e s t  f o r  mutagenesis  i n  D I I  
m e l a n o g a s t e r .  Xu ta t ,  R e s .  1 2 3 ~ 1 8 3 - 2 7 9 ;  1983. 
LeRoy, R .  J, The i n t e r a c t i o n  o f  spermine and e t h y l  
m e t h a n e s u l f o n a t e  on sex- l inked  r eces s ive  l e t h a l s  i n  
D r o s o p h i l a  me lanogas t e r .  D e s  Moines, I A :  Drake Univ. ; 
1972 .  3 7 p .  T h e s i s .  
L i q u o r i ,  A. M. ; C o n s t a n t i n o ,  V, ; Crescenzi ,  V. ; El i a ,  V. ; 
G i g l o ,  E .  ; P u l i t i ,  R. ; De S a n t i s ,  M. ; Vitagl iano,  V ,  
Complexes between DNA and polyamines: a  molecular 
model .  J .  Mol. B i o l ,  24:l lJ-122; 1967. 
Mazar B a r n e t t ,  B. R a d i o p r o t e c t i v e  e f f e c t s  of dimethyl 
s u l f o x i d e  i n  Drosoph i l a  melanogaster ,  Radiat,  Res. 
51zl34-141;  1972.  
M u l l e r ,  II, J. The problem of gen ie  modification.  F i f th  
I n t .  G e n e t i c s  Congress ,  Be r l i n .  Z. ind. %st ,  Vereb. 
L e h r e ,  I ( s u p p l . )  . 234-260; 1927. ( I n  Auerbach 1976). 
M u l l e r ,  H. J, The n a t u r e  a£ g e n e t i c  e f f e c t s  produced by 
r a d i a t i o n .  H o l l a e n d e r  , A. ed. Radiation biology. 
Vo1. I .  N e w  York: McGraw-Hill Book Company, Inc.  ; 
I 9 5 4  t 351-473. 
M u l l e r  , H .  3 .  Advances i n  r a d i a t i o n  mutagenesis through 
s t u d i e s  on  Drosoph i l a .  Mul le r ,  H .  J. Studies  i n  
g e n e t i c s .  I n d i a n a :  Ind iana  Univ. Press ;  1 9 6 2 .  
R o s e n t h a l  , S. M. ; Tabor ,  C. W. The pharmacology of spermine 
and  spermidine--distribution and excre t ion .  J. 
Pharrnacol.  Exp. Ther .  116:131-138; 1 9 5 6 .  
Sevag ,  M. G .  ; Ashton ,  3. Evolu t ion  and prevention of drug 
r e s i s t a n c e .  Mature.  2 0 3  :L323-L326; 1 9 6 4 .  
Shaw , G .  Some pha rmaco log ica l  p r o p e r t i e s  of t h e  polyamines 
s p e r m i n e  and spermidine--a  r e a p p r a i s a l .  Arch. i n t .  
Pharmacodyn, 1 9 8 : 3 6 - 4 8 ;  1 9 7 2 ,  
S h i o m i ,  T. E f f e c t  o f  p e n i c i l l i n  feed ing  on the  frequency 
o f  X-ray induced  m u t a t i o n  i n  Drosophila. Genetics. 
5 4  :f077-1084; 1966. 
S i i m e s  , M. S l a d i e s  on  t h e  metabolism of 1 , 4 - 1 4 ~ -  Spermidine 
and  1,4- C- spermine  i n  the r a t .  Acta Physiol.  Scand. 
S u p p l .  298:l-66;  1967. 
S n e d e c o r  , G. ; Cochran ,  W. S t a t i s t i c a l  methods. 6 th  ed. 
I o w a :  I o w a  S t a t e  Univ. P r e s s ;  1967. 
S p e n c e r ,  W. ; S t e r n ,  C. Experiments t o  t e s t  the  v a l i d i t y  of 
the l i n e a r  R-dose/mutation frequency r e l a t i on  i n  
D r o s o p h i l a  a t  low dosage .  Genet ics .  3 3 : 4 3 - 7 4 ;  194 8 .  
T a b o r ,  H.  The p r o t e c t i v e  e f f e c t  of spermine and other  
p o l y a m i n e s  a g a i n s t  h e a t  d e n a t u r a t i o n  of deoxyribo- 
n u c l e i c  a c i d ,  Biochemis t ry  1: 496-501; 1 9 6 2 .  
Tabor ,  H .  ; T a b o r ,  C. Spermidine,  spermine and re la ted  
a m i n e s .  Pharmacol .  Rev. 1 6  :245-300; 1964. 
T a b o r ,  H .  ; T a b o r ,  C. 1,4- Diaminobutane (putrescine)  , 
s p e r m i d i n e ,  and spermine .  S n e l l ,  E ,  ed. Annu.. Rev. 
Biochem. Vol. 45.  C a l i f o r n i a :  Annual Reviews Znc , ;  
1976:285-306.  
W a l l a c e ,  3. Spontaneous  muta t ion  r a t e s  f o r  sex- l inked  
l e t h a l s  i n  t h e  two s e x e s  of  Drosophila melanogaster. 
G e n e t i c s  6 4  :553-557; 1 9 7 0 .  
W a l l a c e ,  £3. ; Dob zhansky , T. Rad ia t ion ,  genes and man. 
New York: Henry HoLt and Co. ; 1959. 
